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Abstract. We compare images from the Enhanced Thematic Mapper 
Plus (ETM+) sensor on Landsat-7 and the Advanced Land Imager (ALI) 
instrument on Earth Observing One (EO-I) over a test site in Rochester, 
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1 Introduction 
The Earth Observing One (EO-1) satellite was launched 
from Vandenberg Air Force Base on 21 November 2000 as 
the first Earth observing platform of NASA's New Millen- 
nium Program. As part of this effort, NASA formed a Sci- 
ence Validation Team (NRA 99-OES-01, EO-I) to contrast 
and compare the new sensor technologies with proven 
sensors such as the Enhanced Thematic Mapper Plus 
(ETM+) on the Landsat-7 spacecraft.' In this paper we 
present some of our comparisons of the Advanced Land 
Imager (ALI) and the ETM+ as part of this effort. Addi- 
tionally, EO-1 camed Hyperion, an advanced hyperspectral 
sensor.' We do not discuss this instrument in detail here, 
but do make use of its capability to extract reflectance spec- 
tra for comparisons with the ALI and E m + .  

The Advanced Land Imager on the EO-1 spacecraft is a 
technology verification instrument under NASA's New Mil- 
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lennium Program. It is desig 
or improved Landsat spatia 
substantial mass, volume, 
spacecraft is in the same , 

Landsat-7, and is approximately one minute behind. The 
ALI is a pushbroom sensor with wide-angle optics that pro- 
vide for 30-m multispectral and 10-m panchromatic ground 
sample distance (GSD) across the same 185-km swath 
width as the ETM+ . However, only a portion of the focal 
plane was populated with detectors. Each of four sensor 
chip assemblies views 9.6 km, resulting in an effective total 
swath width of 37 km after accounting for overlap. Massa- 
chusetts Institute of Technology Lincoln Laboratory devel- 
oped the ALI, Santa Barbara Remote Sensing (SBRS) pro- 
vided the focal plane system, and Sensor Systems Group, 
Inc. provided the optics. 

monstrate comparable 

0 2004 Society of Photo-Optical Instrumentation Engineers 1 



PROOF COPY 026404JOE 

Pedelty, Morisette, and Smith: Comparison of Landsat-7. 

The ETM+ on Landsat-7 is a derivative of the Thematic 
Mapper sensors that were flown on Landsats 4 and 5 be- 
ginning in 1982. It is more closely related to the Enhanced 
Thematic Mapper (ETM) that was lost in the launch failure 
of the commercial Landsat-6 in 1993. The primary changes 
from the TM sensors are the addition of a 15-m panchro- 
matic band, the incorporation of two gain ranges for all 
bands, the improvement of the thermal band spatial resolu- 
tion to 60 m, and the addition of two solar  calibrator^?,^ 
The ETM+ was built by SBRS under contract to NASA. 

The ALI differs from the ETM+ in a number of ways. 
The pushbroom design of the ALI provides a much longer 

than the whiskbroom 
ETM+ (- 10 psec), 2-bit digitization of 
the ALI data with a s The 10-m GSD of 
the panchromatic ban 15-m GSD of the 

0.48-0.70 pm from the 0.52-0. 
ETM+. The ALI also has two 

ally, the ETM+ band 4 was split into 
avoid an atmospheric water absorption 
ALI has no thermal band. 

band 1 ' (0.43-0.45 

Our paper is organized as follows. We describe 

The ETM+ acquired the WRS2 path 16, row 30 scene at 
15:40:12 GMT, while the ALI was approximately one 
minute behind at 15:41:08 GMT. The instruments observed 
the Howland, Maine, area approximately 2 weeks later on 7 
September 2001. The WRS2 path 11, row 28 scene was 
collected at 15:08:19 GMT by the ETM+ and at 15:09:15 
by the ALI. We received the ALI Level 1 data product for 
each acquisition from the EO-1 Science Validation Facility' 
at NASA's Goddard Space Flight Center (GSFC). The ALI 
scenes have been radiometrically calibrated to provide 
scaled measurements of at sensor radiance, but they have 
not been geometrically corrected. We converted the ALI 
data to units of W/m'/sr/pm by dividing by the scaling 
factor of 30. Our study areas were fully imaged by sensor 
chip assembly #4, and thus were affected by three inoper- 
able detectors in band 5. We simply interpolated across 
these inoperable detectors. 

The ETM+ data available for this study were in two 
different formats. For the Rochester scene we received the 
ETM+ LOR data product from the USGS EROS Data Cen- 
ter (EDC) via the EOS Data Gateway. The LOR scene is 
essentially a raw, but band separated, data product. We ap- 
plied standard radiometric corrections to create LlR 
datasets using the GSFC copy of the EDC Image Assess- 
ment System. For the Howland scene we acauired the 

Maine. We used the Second Simulation of the Sate1 
nal in the Solar Spectrum (6s) radiative transfer c 
derive coefficients for each ETM+ and ALI wav 
band that convert the at-sensor radiance to es 
face reflectance. Atmospheric parameters used by 6 s  were 
derived from nearby sun tracking photometers and from an 
orbiting ozone spectrometer. We extract image subsets and 
sample reflectance spectra to illustrate the differences and 
consistencies in the two sensors. Our comparisons include 
simple visual analyses, comparison of noise levels and 
spectral reflectance curves, and analysis of information 
content using principal components and calculation of Nor- 
malized Difference Vegetation Index (NDVI) images. 

ETM+ L l G  data product from EDC. The L1G pbduct is a 
scene that has been further geometrically calibrated to 
ve the effects of ETM+ scan mirror velocity varia- 
and then reprojected to UTM coordinates using near- 
ighbor resampling. Finally, each ETM+ scene was 

2 Production of the Comparison Scenes 

2.1 ETM+ and ALI Data Acquisitions 

The ETM+ and ALI instruments viewed the Rochester, 
New York, area nearly simultaneously on 25 August 2001. 

t I IW' 'M 
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- -  
at sensor radiance in units of 
appropriate scaling for each 
e data formats and radiomet- 

c processing are provided in the Landsat-7 
Users Handbook, available at http:// 

2.2 MS Atmospheric 

We monitored the 
MEL Electronique 
part of the Aeroso 
Rochester, the sun photo 

operties using Cimel (CI- 
sun photometers that are 

ork (AERONET).5 In 
nstalled on the roof of 

-- 
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Fig. 1 AERONET retrievals for Rochester scene. 
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I 

(b) 

Fig. 2 AERONET retrievals for Howland scene. 
I "I 

is by calculating gaseous 
, and approximating the 

interaction between the absorption and scattering. It inte- 
grates both the solar spectrum and the atmospheric absorp- 
tion and scattering across the relative spectral response 
functions for each of the 17 ETM+ and ALI bands, and 
returns the coefficients xa, xb, and xc that convert the mea- 
sured at sensor radiance in each band to atmospherically 
corrected surface reflectance (ACR) via the following equa- 

at Durand Eastman Park, 
land was approximately 
photometers measured the aerosol optical thid 

How- 
sun 

OT) 
- 

Fig. 1 (Rochester) and Fig. 2 (Howland) we show time 
series plots of the AERONET AOT and water vapor mea- 
surements for 8 hours spanning the acquisition times, 
which illustrate that the atmosphere was fairly stable at the 
time of our observations. We obtained total column ozone 

*radiance -xb  

we an empirical error analysis of the atmo- 

on is conservative since the in- Spectrometer (TOMS)! 
AOT values are less than 1% 

2.3 Atmospheric Correction Using 6s _+ 3 % absolute errors.6 
We used these at 

diance measured in each ETM+ and ALI band due to the center wavelength, band- 

~~ ~ _ _ _ _ _ _  ~ 

Center A 0.442 0.485 0.483 0.567 0.56 0.660 0.662 0.835 0.790 0.866 
(/.m) 

(rum) 
Bandpass 0.43-0.45 0.45-0.51 0.45-0.52 0.53-0.60 0.53-0.61 0.63-0.69 0.63-0.69 0.78-0.90 0.78-0.80 0.84-0.89 

6s results Rochester scene 
Xa 0.0032 0.0028 0.0028 0.0029 0.0029 0.0032 0.0032 0.0045 0.0039 0.0045 
Xb 0.1404 0.0932 0.0989 0.0507 0.0528 0.0271 0.0270 0.0119 0.0135 0.0097 
xc 0.1868 0.1466 0.1520 0.0950 0.0980 0.0630 0.0627 0.0349 0.0394 0.0314 

6s results Howland scene 
Xa 0.0036 0.0031 0.0031 0.0032 0.0032 0.0034 0.0035 0.0049 0.0043 0.0049 
Xb 0.1600 0.1070 0.1134 0.0598 0.0621 0,0331 0.0330 0.0157 0.0173 0.0127 
xc 0.1954 0.1567 0.1619 0.1065 0.1095 0.0747 0.0743 0.0446 0.0497 0.0406 
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Table 2 Bandpass and atmospheric correction parameters for the SWlR and panchromatic bands. 

ALI5‘ ETM+ 5 ALI5 ETM+ 7 ALI7 ETM+ pan ALIpan 

Center A 1.244 1.648 1.640 2.206 2.226 0.705 0.592 

Bandpass 1.20-1.29 1.55-1.75 1.55-1.73 2.09-2.35 2.09-2.36 0.52-0.90 0.50-0.68 

6s  results Rochester scene 

(rum) 

W) 

Xa 0.0101 0.0199 0.0194 0.0598 0.0612 0.0036 0.0030 
Xb 0.0037 0.0017 0.0017 0.0007 0.0007 0.0280 0.0461 
xc 0.0148 0.0080 0.0081 0.0037 0.0037 0.0618 0.0895 

0 0.0214 0.0208 0.0649 0.0664 0.0040 0.0032 
0.0026 0.0026 0.0012 0.0012 0.0341 0.0544 

6 s  results Howland scene 

u: 
width, and the 6s-derived xa, xb, and 
cients for each of the ETM+ and ALI 
Rochester and Howland scenes. In each 
coefficients is for the Rochester data w 
for Howland. 

3 Results and Discussion 

3.1 visual Image Comparisons 
We extracted 320X 320 pixel subimages from the Roch 
ter scenes near our forest test site in the Durand Eastman 

on coeffi- E m +  images, but are dark in the ALI data. Three effects 
are responsible for the improvement in the ALI panchro- 
matic images: the increase in ground sampled distance from 
15 to 10 m, the increase to 12-bit quantization, and the 

I 
Park, including Lake Ontario, Irondequoit Bay, and NE 
Rochester. In Fig. 3 we show true color composites of the 
atmospherically corrected reflectance images using bands 
3, 2, and 1 of the ETM+ and ALI. We use identical linear 
color transfer functions that exclude the highest and lowest 
2% of the pixel histograms. We present Level 1R data from 
both instruments to maximize radiometric fidelity, which 
means that slight geometric displacements are visible in the 
ETM+ image due to scan mirror velocity variations, and 
that north is not precisely up. 

Qualitatively the IXM+ and ALI images are nearly in- 
distinguishable. We can see more detail in Lake Ontario 
because of the 12-bit quantization of the ALI data. Interest- 
ingly, we can use the -1 minute separation between the 
images to conclude that the ship near the pier in the ETM 
+ image is entering Lake Ontario at roughly 24 knots. 

We present comparisons of the ALI and ETM+ pan- 
chromatic bands in Figs. 4, 5, and 6. In Fig. 4 we show 
Irondequoit Bay and the pier into Lake Ontario and in Fig. 
5 we display our Rochester forest test site. The prominent 
facility in the center of Fig. 5 is the VanLare Waste Water 
Treatment Plant, and our forest site is just below and to the 
left. We show a similar comparison of the Howland forest 
site in Fig. 6. The highway interchange shown is Interstate 
95 and Maine State Highway 6. In contrast to the similarity 
of the multispectral comparisons, we see dramatic differ- 
ences between the panchromatic bands. In Fig. 4 we see 
that the ALI data provide better definition of the manna and 
pier, and dramatically more detail in the water features of 
both Lake Ontario and Irondequoit Bay. In Figs. 5 and 6 we 
see a sharply different contrast between the forest and sur- 
rounding targets, in that the trees appear bright in the 

Fig. 3 True color composite comparison of Rochester scene: 
ETM+ (top) and ALI (bottom). 
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ETM+ ALI 

hromatic band comparison of lrondequoit Bay and Lake Ontario. 

End+ &I 

Fig. 5 Panchromatic band corn urand Eastman Park site. 

Fig. 6 Panchromatic band comparison of Howland Forest site. 
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Fig. 7 Comparison of ETM+ and ALI filters and atmospheric transmission. 
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Table 3 Principal components analysis of ETM+/ALI Bands 1,2.3, 
5, and 7 for Rochester, NY, scene. 

PCA Eigenvalues Variation Explained 

Component # ETM+ ALI ETM+ ALI 

1 0.0117 0.0106 91.78% 92.17% 
2 0.00091 0.00081 98.94% 99.22% 
3 0.000101 O.ooOo72 99.73% 99.85% 
4 0.000022 0.000010 99.91% 99.94% 
5 0.000012 0.000007 100.00% 100.00% 

Table 4 Principal components analysis of ETM+/ALI Bands 1,2, 3, 
5, and 7 for Howland, ME, scene. 

PCA Eigenvalues Variation Explained 
~~~~ ~ ~ 

Component # ETM+ ALI ETM+ ALI 

1 0.00278 0.00265 90.98% 90.91% 
2 0.000231 0.000238 98.53% 99.07% 
3 0.000029 0.000021 99.48% 99.79Dh 
4 0.000009 0.000004 99.77% 99.93% 
5 0.000007 0.000002 100.00% 100.00% 

05 1.0 15 20 
WavcIcn%h, pu 

( 4  

Fig. 8 Comparison of ETM+ and ALI spectra. 

narrowing of the spectral bandpass. The 12-bit quantization 
is most responsible for the improved water detail, while the 
narrower bandpass is more critical for the differences seen 
in Figs. 5 and 6. With a bandpass that cuts off at 0.7 ,urn, 
the ALI panchromatic images exclude the sharp vegetation 
rise, darkening the forest and improving the overall con- 
trast. 

rnponents analysis of ETM+/ALI Bands 1,2 3, 
envalue comparison for Rochester, NY, scene 

.0281 87.24% 87.249 
00380 98.77% 99.039 

27 99.78% 99.865 
3 99.90% 99.955 

' " j  

Table 6 Principal components analysis of ETM+/ALI Bands 1,23, 
4/4', 5, and 7: eigenvalue comparison for Howland, ME, scene. 

PCA Eigenvalues Variation Explained 

Component # ETM+ ALI ETM+ ALI 

1 0.00636 0.00675 78.05% 79.64% 
2 0.00167 0.00161 98.56% 98.64% 
3 0.000114 0.000099 99.59% 99.81% 
4 0.000018 0.000010 99.02% 99.93% 
5 0,000009 0.000004 99.93% 99.98% 
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Table 7 Principal components analysis of ETM+/ALI Bands 1, 2.3,4/4', 5, and 7: loadings compari- 
son for Rochester, NY. scene. 

PCA Loadings for ETM+ Bands PCA Loadings for ALI Bands 
PCA 

Component 1 2 3 4 5 7 1 2 3 4' 5 7 

1 0.049 0.103 0.120 0.832 0.467 0.251 0.047 0.101 0.115 0.840 0.452 0.254 
2 -0.262 -0.303 -0.403 0.495 -0.404 -0.518 -0.259 -0.309 -0.410 0.43 -0.404 -0.522 
3 -0.441 -0.478 -0.441 -0.218 0.535 0.221 -0.447 -0.486 -0.423 -0.215 0.535 0.229 

the spectral bandpass for the new ALI band 5 I ,  which has 
no counterpart in the m+. 

We begin by examining the noise levels in each of the 
ETM+ and ALI bands. Since our goal is to understand the 
spectral information content when observing real surface 
targets, we will characterize the noise in the atmospheri- 
cally corrected reflectance data as measured within a scene. 
This in situ noise assessment requires a suitably extended 
and uniform target, and is in contrast to pre-launch and 
on-orbit noise monitoring that measures the dark current for 
each detector when a shutter is blocking the instrument 
a~erture .~ Fortunately, the Rochester images contain a wide 
expanse of Lake Ontario extending to the Canadian shore 
that is suitable for a first-order noise assessment. However, 
we could not find an area in the lake that was featureless in 
each band across the entire 320 detectors of the ALI sensor 
chip assembly #4 used here, so we will quote reflectance 
noise levels to just a single significant digit or less. We find 
the ETMf noise levels (1 a) in the reflectance images are 
approximately 0.002 for bands 2, 3, 4, and 7 ,  but improve 

3.2 Spectral Cornparis 
The ALI was desi 

band. However, as noted 
a split band 4 and a new 
on the ETM+ design. 
the differences between the 

to roughly 0.001 in band 5 and are higher in band 1 at about 
0.003. Similarly we assess the noise levels in ALI bands 1 
and 1 to be approximately 0.001, but improve to roughly 
0.0005 in the rest of the bands. Thus we find that the ALI 
reflectance noise levels are approximately 2 X to 4 X lower 

e in the ETM+ images. Further we note that the 
ALI noise levels should be considered upper limits because 
real features in the lake will raise the nns deviations from 

We now extract reflectance spectra from sample sites in 
both the Rochester and Howland scenes to quantitatively 

spectral bands of the ETM+ and ALI 
Rochester scene we extracted 4 pixels 

a reasonably uniform grassy field, which we judged 
e to be common between the scenes, and in Fig. 8(a) 
ot the mean reflectance spectra from each sensor. For 

we similarly plot the average of -25 points from 
forest area, while in Fig. 8(c) we compare forest 

xtracted from 46 Dixels in the Howland scene. We 

in the nomi- 
the thermal 
signed with 
to improve 

e 
e 

reflectance values. 

TOMS measurements. In Fig. 7(a) the dashed line 
relative spectral response for the ETM+ band 4, 
clearly integrating o 
tween -0.81-0.84 
responses for the ALI bands 4 and 4' were design 
avoid this absorption. In Fig. 7(b) the dark solid line s 

tiple pixels h each case to average over dif- 
1 alignment and to allow for differences in 
h sensor. We find the overall agreement is 

the grass and forest regions. All bands 
to within -5%, and the agreement in 

d 7) is -2%. For the grass spectra 
1 is -6%, but this is only an 
e of -0.004, or roughly la. 

This difference gr 9% for the forest spectra in 
Rochester and - ut the absolute reflec- 
tance differences - 0.007, respectively, 
so the much larger perc rences are due to the 
very low reflectance in band 
that the formal uncertainty i 
to the 6s atmospheric correction 

2.3. The uncertainty is largest in the shortest wavelength 

Table 8 Principal components analysis of ETM+/ALI Bands 1, 2.3, 4/4', 5. and 7: loadings cornpari- 
son for Howland, ME, scene. 

PCA Loadings for ETM+ Bands PCA Loadings for ALI Bands 
PCA 

Component 1 2 3 4 5 7 1 2 3 4' 5 7 

1 0.025 0.076 0.058 0.864 0.454 0.192 0.021 0.071 0.048 0.883 0.425 0.179 
2 -0.178 -0.209 -0.314 0.467 -0.585 -0.516 -0.189 -0.232 -0.341 -0.427 -0.579 -0.525 
3 0.407 0.480 0.538 0.168 -0.528 0.088 0.417 0.483 0.522 0.175 -0.537 0.032 
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Em+ ALI 

ornparison of NDVl images: ETM+ (left) and ALI (right). 

bands, due to the larger path radiance 
than 0.5% in bands 5 and 7. We note that 
5 ' provides additional sampling of 
both the grass and forest regions. 
band 5' measures near the peak o 
spectrum, which is not sampled in the ETM+ da 

3.3 Information Content Comparisons 
We are interested in comparing the spectral info 
content of the ETM+ and ALI data. We begin by 
ering information content in a generic sense by con 

to less 
I band 

for 

both scenes can be captured with the first three princpal 
components. Next we applied PCA to the six ETM+ bands 
and to ALI bands 1-3, 4' ,  5, and 7. In Tables 5 and 6 we 
again find that the variation explained by each compoIEnt 
is very similar in each instrument for each scene. In Tables 
7 and 8 we see that the close agreement between the two 
instruments extends to the eigenvectors (or loadings) them- 

. These similarities in the PCA results indicate bat 
s landscape the ALI is able to reproduce the inforrna- 

further compare the information content of the two 
calculating the nonnalized difference vegetamn 
VI) for the Rochester scene. The NDVI ii a 

content in the E m +  images. 

a principal component analysis (PCA) of the Em+ and 
ALI images. We compare the resulting orthogonal rotations 
in spectral space by examining both the eigenvalues and the 
eigenvectors (or component loadings). We then examine 
the information content for a specific application by com- 
paring normalized difference vegetation index (NDVI) im- 
ages derived from the ETM+ and ALI data. 

We begin by performing PCA on the five bands that are 
most similar between the ETM+ and ALI, namely 1, 2, 3, 
5, and 7. We initially exclude band 4 because of the differ- 
ent bandpasses [see Figure 7(a)]. In Tables 3 and 4 we 
show that the eigenvalues for the ALI and ETM+ are very 
similar in both the Rochester and Howland scenes. For both 
instruments we find that essentially all of the variation in 

oa 0 5  1 a 
NDVl value 

Fig. 10 Comparison of NDVl histograms. 

ed product often used to assess vegetatm 

ds 4 and 4 ' along with band3 - 
images are very similar over lad,  

at an NDVI value of 0.88 dueto 

togram for ETM+ shows water as a tailn 

since in Lake Ontario we find that the mean NIR refla 
tance is 0.015420.001 (2a) and the mean red reflectances 
0.0066-tO.001 (24 ,  which give NDVI values of OC 
20.09. So, while the PCA shows the two sensors convr 
similar information, the NDVI images show the superir 
signal to noise of the ALI instrument because of its 1 2 4  
quantization. Although we realize the NDVI is not typical 
used to analyze water targets, the ratio provides insight in1 
the noise characteristics of the two sensors. 

4 Conclusions 
We have generated a set of atmospherically corrected, con 
parison images from the ETM+ sensor on Landsat-7 ad 

Optical En ineering, Vol. 43 No. 4. April 2004 
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the ALI instrument on EO-1 over tests sites in Rochester, 
New York, and Howland, Maine. We provided several il- 
lustrations of the relative consistencies and differences be- 
tween the two space-bome sensors. We report 6s amo- 

Wellemeyer, C. J. Seftor, G. Jaross, 0. Torres, L. Moy, G. Labow, W. 
Byerly, S. L. Taylor, T. Swissler, R. P. Cebula, “Earth Probe Total 
Ozone Mapping Spectrometer (TOMS) Data Products User’s Guide,” 
NASA Technical Publication 1998-206895. 

7. J. A. Pedelty, B. L. Markhan, J. L. Barkex, and J. C. Seiferth, “Pre- 
launch noise characterization of the Landsat-7 Enhanced Thematic 
Plus (ETM+),” Proc. SPIE 3750, 376-387 (1999). spheric correction coefficients for the ETM+ and ALI 

bands obtained from in situ Cimel sun Dhotometers within 
the Aerosol Robotic Network. Reflectance spectra agree to 
within 6% in the visibldnear infrared and to within 2% in 
the short-wave infrared (except for band 1 in dark forest 
targets). Uncertainties in atmospheric correction may ac- 
count for at most 1.5% of these differences. Principal com- 
ponent analyses and comparison of NDVI histograms for 
each sensor indicate that 
information content in the 
to-noise performance with 
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Popular Summary of “Comparison of Landsat-7 ETM+ and EO-1 ALI” 
(J. Pedelty draft version 2/24/04) 

The Earth Observing One (EO-1) satellite was the first Earth observing platform of NASA’s New 
Millennium Program. EO-1 was launched from Vandenberg Air Force Base in November, 2000 
carrying a number of new technologies into orbit. The Advanced Land Imager (ALI) was designed 
to demonstrate performance equal to or better than the Thematic Mapper family of instruments that 
have been flying on Landsat spacecraft since 1982, yet with substantial mass, volume, and cost 
savings. In 2000 NASA formed a Science Validation Team to contrast and compare the EO- 1 
instruments with proven sensors such as the Enhanced Thematic Mapper Plus (ETM+) on the 
Landsat-7 spacecraft launched in April 1999. The authors of this paper present a comparison of 
ALI and ETM+ images as part of these validation efforts. 

The EO-1 spacecraft is in the same 705km altitude polar orbit as Landsat-7, but is approximately 
one minute behind. This means the same area on the Earth can be viewed nearly simultaneously 
by the ALI and ETM+ instruments under nearly identical illumination and weather conditions. 
The authors analyzed separate pairs of ALI and ETM+ images over Rochester, New York and 
Howland, Maine and find that the ALI is able to reproduce the information content in the ETM+ 
data, but with less noise due to an improved instrument design. 

The ETM+ takes pictures of the Earth in six narrow wavelength bands by using a mirror to scan 
long and thin slices of the ground across fixed sets of 16 detectors. This mirror moves rapidly 
from side to side to view a scene that is 185km across, with a single back and forth cycle taking 
just 1/7 of a second. The orbital motion of the Landsat-7 spacecraft causes the instrument to view 
a new slice of ground with each scan. This motion is similar to the sweeping of a broom back and 
forth while walkmg down a sidewalk - eventually the entire sidewalk is swept clean. This ‘whisk 
broom’ operation of the ETM+ is in contrast to the ‘pushbroom’ operation of the ALI, which uses 
many more detectors to directly image the ground below as the spacecraft moves forward. Each 
detector on the ALI is able to look at a given piece of the ground, or pixel, about 400 times longer 
than an ETM+ detector. This means the ALI can collect more light from each pixel, which 
translates directly into less noise than the ETM+, which the authors quantify. 

The ALI and ETM+ also produce images made by collecting light across a wide range of 
frequencies, known as the panchromatic bands (pan = across, chromatic = color). The resolution 
of the panchromatic band on the ALI is lorn, while the finest detail visible in the ETM+ 
panchromatic band is 15m. The authors show that the ALI panchromatic band images are 
significantly more detailed than those from the ETM+ partly because of this resolution 
improvement, but mostly because the ALI collects from a somewhat narrower range of 



frequencies. Vegetation is very bright in the near infrared part of the spectrum, which is included 
in the ETM+ panchromatic band, but not in the ALI band. This means that the vegetation is much 
darker in the ALI images and this leads to dramatically improved contrast compared to the ETM+ 
panchromatic data. This is illustrated in the figure below showing a region along the shore of Lake 
Ontario in Rochester, New York. The ETM+ image is on the left and the ALI on the right, which 
shows much more detail in the Van Lare wastewater treatment plant, the Durand Eastman park, 
and the surrounding neighborhoods. 



Comparison of Landsat-7 ETM+ and EO- 1 ALI panchromatic band images of Rochester, NY 


